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In this talk, an efficient method to compute the automorphism group of an arbitrary hyperelliptic function field over a given ground field of characteristic > 2 as well as over its algebraic extensions is presented. Beside theoretical applications, knowing the automorphism group of a hyperelliptic function field also is useful in cryptography:
The Jacobians of hyperelliptic curves have been suggested by Koblitz as groups for cryptographic purposes, because the computation of the discrete logarithm is believed to be hard in this kind of groups ([Kob89] ). In order to obtain "secure" Jacobians it is necessary to prevent attacks like Pohlig/Hellman's ([?]), Frey/Rück's ( [FR94] ) and Duursma/Gaudry/Morain's ( [DGM99] ). The latter attack is only feasible, if the corresponding function field has an automorphism of large order. To forestall the Pohlig-Hellman attack, one needs to assert that the group order is almost prime, i.e. it ought to contain a large prime factor p 0 . To prevent the Frey-Rück attack, p 0 needs to possess additional properties.
Therefore, one needs to know both the automorphism group of the function field and the order of the Jacobian. Unfortunately, there is no efficient algorithm known to compute this order for arbitrary hyperelliptic curves. Only for specific types of curves, divisor class counting 1 is feasible for cryptographically relevant group sizes (e.g.
[SSI98], [GH00]).
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Thus, a hyperelliptic function field with secure Jacobian will most likely have a trivial automorphism group, i.e. one consisting of the hyperelliptic involution, only. Therefore, our technique provides a quick test to check whether a given hyperelliptic curve may yield a secure Jacobian, i.e. whether it is worthwhile to apply expensive divisor class counting algorithms.
Let us outline our afore mentioned algorithm briefly. It is well known that the automorphism group of a hyperelliptic function field is finite (cf. [Sch38] ). For each finite group, which can occur as subgroup of such an automorphism group, Brandt gave a normal form for the corresponding hyperelliptic function fields and explicit formulas for these automorphisms (cf. [Bra88] ). Brandt's results only apply to function fields over algebraically closed constant fields, but this is no hindrance as we will see later.
Thus, computing the automorphism group reduces to the problem of deciding, whether a given hyperelliptic function field has a defining equation of the form given by Brandt's theorems.
Consequently, given two defining equations u 2 = D t and y 2 = D x , we need to decide, if k(t, u) = k(x, y). The key ingredient for checking this is the following theorem. 
Theorem 1. Let k(t, u) = k(x, y), u 2 = D t , y 2 = D x be a hyperelliptic function field of genus g > 1 over a constant field k of characteristic = 2, where both D t ∈ k[t] and D x ∈ k[x] are monic separable polynomials. Let d x
This theorem is used to compute the subgroups of the automorphism group of a hyperelliptic function field k(x, y), y 2 = D x in the following way: For each such subgroup G, Brandt gives a normal form k(t, u), u 2 = D t , where D t is a polynomial in t, containing some parameters a i in most cases. Our task consists in finding out, if k(x, y) = k(t, u) for suitable a i . To do so, we substitute x = α 0 t+α 1 α 2 t+α 3 symbolically into D x . Computing ϕ according to our theorem (for each of our three cases, since we know nothing about the α i in advance) and comparing coefficients of D t and ϕ −2 D x ( α 0 t+α 1 α 2 t+α 3 ) = ϕ −2 y 2 = u 2 = D t , we obtain a system of polynomial equations and inequalities for the α i and a i . These can be tested for solvability using Gröbner basis methods. This yields the information, whether
Using our algorithm it also is possible to compute Aut(k(x, y)/k) as well as the smallest algebraic extension field K ⊇ k s.th. Aut(K(x, y)/K) = Aut(k(x, y)/k). In contrast to the above, the mere checking for solvability of our equations is not enough, here. For each possible subgroup G, we need to know the smallest extension field k ⊇ k s.th. α i , a i ∈ k . This can be found by solving for these constants. Then the explicit formulas for the generators of G as given in Brandt's theorems yield the smallest extension k ⊇ k s.th. each element of G defines an automorphism of k (x, y). Now, Aut(k(x, y)/k) is the smallest G with k = k . For G = Aut(k(x, y)/k) we obtain K = k .
